The review is describes the influence of different types of impurities including cationic, anionic, organic and bacteria influence on the crystalline and optical properties of potassium dihydrogen phosphate crystals. Level of impurity sensitivity of properties was tried to be estimated too. The relevant data about influence and sensitivity of following elements Al, Ba, C, Ca, Ce, Cr, Fe, Mg, Mn, Mo, P, S, Si, V are systematised.
INTRODUCTION
It is a well-known fact that the different impurities have not the same impact on the growth rate or optical properties of potassium dihydrogen phosphate (KDP) crystals. The present review aims to sum and systematise the most relevant data about the influence of different impurities on the KDP crystals properties and to establish approximate impurity sensitivity of them. At the present moment, the raw material for the rapid growth of the KDP crystals should be «as pure as it possible» not in full regarding experimental data about impurities influence of the KDP crystals properties. The ICP-AES analysis of the ProChem Inc. (USA) produced of potassium dihydrogen phosphate sample designed for the growth of large crystals for National Ignition Facility (NIF) project is presented in Table 1 . Author of the present review hopes that this work would be helpful for setting the objective requirements for the raw material for the rapid large single crystal growth. The crystalline structure of KDP For the better understanding impurities' influence on properties of crystals, it is necessary to introduce to a crystalline structure of KDP. At room temperature, KDP crystals shape is derived from the tetragonal prism and tetragonal bipyramids at the ends of the crystals as it shown on Figure 1 .
identified voids with coordinates (0.25, 0.35, 0.125) suitable for the introduction of Fe 3+ impurities. It was suggested that the incorporation of Fe 3+ in the KDP crystal structure is followed by the removal of H + and two K + ions from the crystal lattice to maintain electroneutrality oa crystal. The crystal structure of KDP promotes sorption and incorporation of positively charged impurities into interstitial voids of crystal. Further, this collective of authors developed the mechanism of incorporating different metal ions in KDP crystalline structure depending on the ionic radii of impurities 4, 5, 6, 7 .
Impurities effect
In 2-, etc.), organic (EDTA, formic acid, etc.) and impurities of biological origin.
Cationic impurities
The effect of polyvalent metals on the growth and properties of KDP crystals was studied in detail 8, 9 . The presence of Fe, Cr, Al impurities in growth solutions leads reducing of the growth rate of the prismatic face at low supersaturation. In Fig.3 it can be seen a zone on the growth curve (dependence of crystal face growth rate on supersaturation) when growth rate tends to zero while supersaturation is increasing. Such a zone is named "dead zone" 10, 11 .
Fig.1. KDP crystals appearance
The atoms arrangement in the KDP lattice has been thoroughly studied by X-ray analysis using generators of synchrotron irradiation 1, 2 . The prismatic face {100} of the crystal consists of layers of phosphate-potassium layers, with oxygen atoms on the surface corresponding to (PO 4 ) 3 -groups. Therefore the surface of the prismatic face is bearing the negative charge. The surface of the pyramidal face {101} mostly consists of K+ ions. Consequently, its surface is charged positively Figure 2 . Reducing the prismatic face growth rate while a growth rate of the bipyramid one is a constant, leads to the crystal growth driven by only pyramidal faces. Thus crystal shape is distorting. Such a phenomenon is called pinching out The SEM was used to observe the defects of the crystal surface (Fig. 6) . Also, the influence of the presence of mentioned impurities on the second harmonic generation of Nd-lasers was investigated. Although the content of impurities in the crystals did not exceed 2.5 ppm, their influence on the surface morphology was significant. The addition of lithium leads to not high surface imperfection (separate scattering centres are appearing). With calcium addition obvious surface defects start to be observed: scattering centres become larger and turning into spots. The addition of cerium and vanadium leads to the formation of large spots, voids and individual grains. However, the presence of an impurity, regardless of its nature, on the contrary, contributed to the higher yield of the second harmonic generation. In 13 the effect of aluminium impurities on the resistance to spontaneous crystallisation of a KDP solution and the morphology of crystals was studied. The effect of pinching out of prismatic faces was observed at aluminium concentration nearly 100 ppm similar to that observed for iron impurity poisoning Figure 7 . The authors 14 determined the effect of s-, p-, d-, and f-elements on the growth and optical properties of KDP crystals. Mg, Sb, Pd, and La were chosen as the representants of each mentioned group of elements. It was found that these impurities have almost no effect on the optical properties of the crystals, but their presence in the growth solution leads to an increase in the width of the "dead zone" by 60-80%, depending on the impurity and the saturation temperature of the solution.
The effect of Ba 2+ impurities on the KDP crystals morphology was studied in 15 . It was found that barium, like Fe and Al, leads to a crystal pinching out, but at higher concentrations (Fig. 8) . The authors 16 determined the negative effect of Mn impurity on growth, optical transparency and the efficiency of second harmonic generation.
Anionic impurities
Among anionic impurities, the most negative impact on the morphology and properties of KDP crystals have impurities of condensed phosphates . The influence of polyphosphates was studied in detail in 17, 18, 19 . It was found that condensed phosphates almost completely blocking the growth of pyramidal faces Figure 9 . Related to the impact on the optical properties, metaphosphate impurities are forming optical inhomogeneities in crystals, which appear to be centres of light scattering Figure 10 .
Impurity of MoO 4 depending on the concentration influences both on the faces of the pyramid and the prism 20 . This, apparently, can be related to the fact that at the pH of the saturated KDP solution (4. 2-4.4), molybdenum is present in the solution in the form of various polyanions: Mo 4 Thus, in weakly acidic solutions, neutral molecules can also be in equilibrium along with polymeric anions and cations 21 . Therefore, the presence of molybdenum in a solution can affect both a negatively charged prismatic faces and positively charged pyramids Figure 11 . Influence of anionic chromium containing impurities was studied in 2-is selectively sorbing on the of the pyramidal faces, and HCrO 4-on the prismatic ones. Regardless of the chromate form, even at relatively low concentrations, CrO 4 2-causes crystal staining Figure 13 . From Fig.13 it can be seen that the phenomenon of pinching out of crystals is not observed, unlike the case when chromium is present in solution in cationic form. SiO 3 2-impurity leads to the pinching out of KDP crystals, but at high concentrations of 500 ppm Figure 14 . The effect of the sulfate ion impurity was studied in 24 . SO 4 2-groups can incorporate into the crystal structure of KDP due to the formation of hydrogen bonds. At high concentrations of SO 4 2-in the growth solution, defects caused by the incorporation of the mother liquor, as well as parasitic crystals and cracks, were observed. Optical transparency was significantly decreased, especially in the UV range.
Organic impurities
There are data on the effect of impurities of organic anions on the laser strength of KDP crystals (Table 2) 25 . It can be seen that any anionic organic impurities significantly reduce the laser strength of the crystals, which may be related to their ability to "burn out" under the laser irradiation. The work 26 is devoted to study the influence of organic impurities on laser strength. The authors could improve the laser strength of KDP single crystals by reducing the level of total organic carbon (TOC) by treating KDP with hydrogen peroxide (Fig. 15) . It was found that the amount of H 2 O 2 sufficient to reduce the TOC content to ≤ 0.05 ppm equals 100 ppm. 
Biological impurities
The same team of authors also studied the influence of bacteria on the morphology of the faces of crystals. It is well known that the phosphate media is favourable for the development of various kinds of microorganisms. The authors 27 added bacteria of the candida parapsilosis species into the crystalliser chamber during the growth of the KDP crystal and noted that the presence of bacteria causes the appearance on the faces the hillocks that are not associated with the presence of dislocations in this area. In this case, promoters of adsorption of bacteria on crystalline faces were ions of trivalent metals. The authors associated the appearance of mounds with the biochemical reaction of bacteria with potassium dihydrogen phosphate.
CONCLUSION
It is evident that the spectrum of impurities that in one way or another influences the properties of potassium dihydrogen phosphate single crystals is wide. At the same time, the exact value of "impurity sensitivity" of any of the properties in a real system is difficult to quantify, due to the possibility of superposition of the effects of impurities, as well as the difficulty of estimating the total impurity composition of the raw material. As a result, most of the publications describing the effect of impurities have a one-sidedness: only one impurity is subject of study. Often impurity was added in KDP solution in larger quantities than it could be present in real systems. At the same time, units of ppm of chromium begin to have a noticeable effect, for example, on the growth rate of faces of a prism, and units of ppm of iron lead to the pinching out of KDP crystals. This review contains information of more than ten metals and other elements whose presence in the growth solution will have a negative impact on the properties of KDP crystals -the data summarised in Table 3 . 3N (B) 28 demonstrate (Fig. 16 ) that a substance of 3N purity (99.9%) is unsuitable for growing even small single crystals 28 .
For setting up the requirements for the raw material for the rapid growth of KDP large single crystals, it is necessary to control the content of not less than 10 metals, and the differentiation of concentration limits of them should be reliant on the valency. Concentrations of metals with the high valency should be significantly lower than alkali or alkali earth ones. The total amount of metal impurities should be less than 10 ppm. Also for organic impurities, requirements should be strict, and presence of <1 ppm of TOC is allowed.
